Abstract Cystoscopy (CS) is considered to be the gold standard in the follow-up of non-muscle invasive bladder cancer. However, CS is invasive, time-consuming, and expensive. On the other hand, modern sensitive transducers have improved the imaging of urinary tract rendering transabdominal ultrasonography (US) more effective in visualizing intraluminal filling defects in the bladder than it was in the past. Twenty-five follow-up patients of low-risk bladder cancer meeting the inclusion and exclusion criteria were included in study. Ultrasonography of the bladder was performed by a single senior radiologist, and subsequently, these patients were subjected to flexible cystoscopy under local anesthesia. Pain score was calculated for each of the cystoscopies done. Findings of transabdominal ultrasound of the bladder were correlated and compared with those of cystoscopy. Subjects with US and/or CS findings suggestive of recurrence underwent transurethral resection of bladder tumor (TURBT) under general anesthesia and confirmation of the bladder carcinoma was achieved by the histopathological examination. Mean patient age was 60.56 years with range of 29 to 77 years. The sensitivity of modern ultrasonographic techniques was found to be 84.61% with specificity of 91.7% taking flexible cystoscopy as the gold standard for detection of recurrence. The accuracy of US was 88% with positive predictive value of 91.7% and negative predictive value of 84.61%. Technological evolution has improved the accuracy of ultrasonography in diagnosis of bladder carcinoma. It represents a valuable surveillance tool in selected sub group of low risk non-muscle invasive bladder cancer patients.
Introduction
Majority of the bladder tumors are non-muscle-invasive carcinomas (NMIBC) and comprise about 60-80% of the total number. Endoscopic resection is the initial treatment for this disease. Risk of recurrence after primary treatment depends upon the risk category of tumor, various prognostic factors, patient's adherence to strict surveillance protocol, and adjuvant treatment [1, 2] . In patients with low-, intermediate-, or high-risk disease, about 20, 40, and 90%, respectively, develop tumor recurrence [3] . The recommendation for surveillance in NMIBC is based on repeat cystoscopies (CS). CS is considered to be the gold standard in the follow-up of the NMIBC recurrence because of its well-established advantages.
However, CS is invasive, time-consuming, expensive, needs sedation frequently, and may cause infection as well as iatrogenic injury to the urethra and bladder [4] . On the other hand, ultrasonography (US) is a non-invasive, well-accepted, costeffective diagnostic method and technological advancement has rendered transabdominal ultrasonography more effective in visualizing intraluminal pathology in the bladder than before [5] . Some investigators argue that CS is not always needed and suggest the systematic use of US alone or in combination with urine cytology for follow-up of NMIBC [6] [7] [8] . Moreover, the compliance of cystoscopic surveillance may also depend on access of healthcare facilities as well as the perceived need for follow-up in low-risk NMIBC particularly in lower median income group. There is still paucity of literature concerning the patient's tolerability and acceptance level of urological endoscopic procedures [9] .
Almost 50% of NMIBC belong to the low-risk category with very low risk for progression and a sparse recurrence rate with the recurrence being of the same stage and grade as the primary tumor in vast majority. Therefore, aggressive surveillance may not be necessary and certainly can be bothersome [10, 11] . US constitutes a simple and quick examination which is not associated with any complication inherent to CS and can be safely performed on all individuals with no restrictions. In the past, various authors have proposed the use of noninvasive imaging tests in the initial investigation for detection of bladder carcinomas [12, 13] . However, due to the lower accuracy of the older devices, US has been accused of not being an appropriate method for the follow-up of bladder cancer [14] . Current scanners that combine several different transducers and color or spectral Doppler imaging facilities are more accurate in the visualization of intraluminal filling defects of the bladder than they were before [15] . Despite the remarkable improvements in the diagnostic accuracy, some of the pitfalls of US test for evaluation of the bladder still remain. Smaller lesions (smaller than 0.5 cm) and lesions located in the dome or bladder neck are more difficult to visualize sonographically. Tumor configuration is also an important factor with plaque-like lesions being certainly harder to detect than polypoid ones [16] . Nevertheless, US may prove to be a cheap and effective alternate follow-up tool in selected patients with non-muscle invasive bladder cancer. The present study was conducted to determine the accuracy of ultrasonography as a surveillance tool in low-risk NMIBC.
Material and Methods
This prospective study was conducted from November 2011 to July 2014. Based on the available information on the sensitivity of ultrasonography with respect to cystoscopic findings in follow-up of patients with NMIBC following transurethral resection of bladder tumor (TURBT) and with 95% confidence and 20% allowable error, minimum sample size was computed as 25.
The primary objective was to study the accuracy of transabdominal ultrasonography of the bladder in detecting recurrent tumors in patients with non-muscle invasive transitional cell carcinoma (stage Pa, low grade) of the urinary bladder as compared to flexible cystoscopy (gold standard). The secondary objective was to compare the pain score and tolerability of flexible cystoscopy and abdominal ultrasonography.
Written informed consent was taken from all the patients. A total of 25 patients presenting to the urology department irrespective of age and sex, having undergone one or more transurethral resections (TUR) for non-muscle invasive transitional cell carcinoma (stage Pa) of the urinary bladder and meeting the inclusion and exclusion criteria were included in the study. The patients in the study had undergone last TUR/check cystoscopy at least 3 months prior to the study. Urine cytology was done as a part of follow-up to rule out any evidence of high-grade tumor or CIS.
Inclusion criterion was established diagnosis of nonmuscle invasive bladder carcinoma (low grade, stage Pa) confirmed in the pathology report of previous TURBT. Exclusion criteria included patients with evidence of muscle invasion, previous diagnosis of carcinoma in situ, high-grade transitional cell carcinoma (TCC). Patients with previous urinary bladder surgery and small-capacity bladder (e.g., neurogenic bladder, post-partial cystectomy, post-ectopia vesicae repair, thimble bladder) were also excluded from the study as these conditions were suboptimal for transabdominal ultrasonography of the urinary bladder. Symptomatic patients, e.g., with hematuria or with irritative voiding symptoms, were also excluded as were patients who defaulted on follow-up protocol. Malignancies of the bladder other than transitional cell carcinoma, e.g., adenocarcinoma/lymphoma of the bladder, were also not included.
Ultrasonography of the bladder was performed in the department of radio-diagnosis by an experienced single radiologist. All the patients were examined using an ultrasonography machine with convex array (5 MHz) probe. The urinary bladder was scanned at sagittal, axial, and oblique planes with convex probes. In selected patients, linear probes were used to assess small lesions at the dome of the distended bladder. Several modern facilities (depth gain, focus harmonics, virtual convex, 3D reconstruction) were used in order to maximize the likelihood of the detection of small lesions. Color or spectral Doppler imaging was also performed in order to distinguish tumors from adherent clots and to determine if a bladder mass was vascular and therefore arising from the bladder wall. Color Doppler parameters (filter, gain, pulse repetition frequency) were optimized for detection of slow flow in small vessels. The main diagnostic criterion for the ultrasonographic diagnosis of non-muscle invasive bladder cancer was the presence of irregular soft tissue structures of low to intermediate echotexture projecting into the bladder lumen from a fixed mural site. Subsequently, these patients were subjected to flexible cystoscopy using 15.5 French flexible cystourethroscope under local anesthesia in the department of urology within 1 to 3 days of ultrasonography and findings of cystoscopy regarding site, size, and number of tumor recurrences were recorded. The urologist was blinded with respect to the ultrasonography findings. Immediately after cystoscopy, all subjects underwent a self-assessment survey for the acceptance of the procedure and were asked whether they were prepared to take the test again if necessary. Pain score was calculated for each of the cystoscopies done. Each subject was provided with a visual analogue scale for pain assessment, scaled from 0 to 10 to measure discomfort or pain level of CS (1-3 no discomforthigh tolerability, 4-7 moderate discomfort-intermediate tolerability, 8-10 excessive discomfort-low tolerability). Findings of transabdominal ultrasound of the bladder were correlated and compared with those of cystoscopy. Any papillary tumor or bladder wall irregularity was considered as positive finding in either of modality and was included as abnormal/suspicious. Subjects with US and/or CS findings suggestive of recurrence underwent TURBT under general anesthesia and confirmation of the bladder carcinoma was achieved by the histopathological examination of the submitted specimens of bladder biopsy in each case.
Statistical analysis included validity parameters such as sensitivity, specificity, P plus, P minus, and accuracy. McNemar's chi-square test with correction factor was applied to test the departure from agreement between the two tests. Statistical significance of difference in pain score between ultrasonography and flexible cystoscopy was tested using Wilcoxon's signed rank test.
Results and Observations
The age of examined subjects ranged from 29 to 77 years with a mean of 60.56 years and median of 63 years. There were 23 males and 2 females in the study group.
Correlation of US and Flexible Cystoscopy Findings
Findings of US were correlated and compared with those of flexible cystoscopy (Fig. 1) . Twelve patients on US and 13 patients on flexible cystoscopy, respectively, were found to have either papillary growth or bladder wall irregularity. Eleven patients had concurrence regarding abnormal/ suspicious findings in both of these modalities whereas two patients which were normal in ultrasonography were found to have positive findings on flexible cystoscopy. Similarly, one patient who had normal findings on cystoscopy was found to have positive findings on US.
According to our findings, the sensitivity of modern ultrasonographic techniques was found to be 84.61% with specificity of 91.7% taking flexible cystoscopy as gold standard for detection of recurrence. The accuracy of US was 88% with positive predictive value of 91.7% and negative predictive value of 84.61%. The p value was 1.00, which showed no statistical significance of difference between efficacy of both modalities ( Table 1) .
The median pain score in flexible cystoscopy was 4 (range of 2-6) demonstrating moderate discomfort where as it was 1(range 1-2) on US demonstrating excellent tolerability. The p value was less than 0.001, which showed significant difference in tolerability of procedure.
Correlation of US and Flexible Cystoscopy Findings with Cystoscopy Under Anesthesia
Patients with findings suggestive of recurrence on US and/or CS underwent rigid cystoscopy under anesthesia using 30°t elescope in the operation theater. In total, 14 patients underwent cystoscopy under anesthesia. All the 14 patients had suspicious findings (either papillary lesion or thickening/ irregular bladder wall) confirmed on cystoscopy under anesthesia and underwent repeat TURBT. The specimens were sent for histopathologic examination (HPE). When correlated with findings on rigid cystoscopy under anesthesia, US had sensitivity of 85.7% whereas sensitivity for flexible cystoscopy was 92.86% (Table 2) .
On histopathology, 12 out of 14 submitted specimens had evidence of low-grade TCC/PUNLMP (papillary urothelial neoplasm of low malignant potential) on HPE. Two patients had non-malignant biopsy. In all 14 patients who underwent repeat TURBT, final HPE findings were further correlated with their respective findings on initial US and flexible cystoscopy (Table 3) .
Correlation of US and Flexible Cystoscopy Findings with Final HPE
Out of 12 proven cases of recurrence on HPE, US had suspicious or abnormal findings in 10 cases whereas 2 confirmed recurrences on HPE were missed by US. Furthermore, both the cases predicted to be suspicious of recurrence on US were negative on final histopathology. Flexible cystoscopy predicted recurrence in all 12 proven cases on HPE. One patient, who had erythematous lesion with irregular bladder mucosa on flexible and rigid cystoscopy, was found to have no evidence of malignancy on final HPE. Furthermore, another patient, who had irregular posterior wall on US, had normal findings on flexible cystoscopy. This patient was posted for cystoscopy under anesthesia as patient had moderate discomfort during flexible cystoscopy under local anesthesia. Rigid cystoscopy under anesthesia was suggestive of irregular posterior wall bladder mucosa and TURBT was done. However, the final HPE was not malignant in this case.
Accuracy of US According to Size and Site of Recurrence
The sensitivity of US was also evaluated according to the site and size of recurrences. Ultrasound was more accurate in detection of tumor recurrences in lateral wall and trigone whereas its accuracy is less for recurrences in the dome and anterior wall. The present study had one patient with recurrence on anterior wall, which was missed by US. Out of two recurrences on the dome, US missed one recurrence. Also, recurrences less than or equal to 5 mm were difficult to detect as compared to larger tumors (Table 4) .
Discussion
Attempts to modify the standard approaches to surveillance for patients with non-muscle invasive disease have been focused more on the monitoring schedule than on the diagnostic tools. In the past, CSs were uniformly performed every 3 months for the first year, every 6 months for the second year, and yearly thereafter. Current guidelines are sparing patients from CSs who are at low risk of recurrence and progression. If the initial CS is negative, the following cystoscopy is advised at 9 months and consequently yearly for 5 years. In contrast, patients with tumors at high risk of progression should have a cystoscopy every 3 months. If negative, the following CSs should be repeated every 3 months for a period of 2 years, semiannually thereafter until 5 years, and yearly thereafter. Patients with intermediate risk of progression (about one third of all patients) should have an in-between follow-up scheme using cystoscopy and cytology, adapted according to personal and subjective factors.
Interestingly, the abovementioned recommendations are not based on evidence-based data but on retrospective experience (grade of recommendation: C) and often the decision to work up a patient for urinary tract malignancy can be complicated [17] . There is a paucity of prospective data examining alternative follow-up methods. Few studies have indicated that suprapubic ultrasonography of the bladder was able to detect tumors as small as 2 mm in diameter [18] . Some investigators have advocated a definitive role of ultrasonography in follow-up of patients with non-muscle invasive bladder tumors [19] . Abdominal ultrasound can be readily employed in the outpatient setting, preferably by the urologist himself to detect recurrence in these patients.
Accurate detection of bladder tumor on US also depends on the experience and skill of the person performing the study. The US technique might also lead to misdiagnosis due to external factors, such as obesity and degree of bladder distension [20] . Despite the abovementioned pitfalls, since a skilled operator easily overcomes such difficulties, US still remains a useful diagnostic tool as it can greatly decrease the frequency of repeat cystoscopy for the follow-up of patients with nonmuscle invasive bladder carcinoma treated with TURBT [19, 21] .
On the other hand, CS is not always a well-tolerated procedure [10] . Actually, the idea of having a CS may make a In a study based on Surveillance, Epidemiology, and End Results (SEER) Program-Medicare-linked database, the actual practice of surveillance for patients with non-muscle invasive bladder cancer differed substantially from the standards recommended in clinical guidelines with only 40% of the entire cohort having an examination according to recommended schedule. Patient characteristics that were independently associated with low-intensity surveillance included age 75 years or older, nonwhite, having favorable tumor histology, and high comorbidity. Residence in an urban area or in a census tract with low median income was also associated with low-intensity surveillance [22] .
As it is clearly shown in our study, vast differences in discomfort level between patients are possibly due to the prejudice against an invasive method: the more CSs the patients underwent in the past, the less discomfort they feel. However, CS being a painful diagnostic procedure is not always tolerated by the patients and several patients interrupt the cystoscopy surveillance [23] .
Although most low-and intermediate-risk non-muscle invasive bladder cancers are less likely to harm the patient if left undiagnosed and untreated, according to our belief, it may be unethical not to follow up closely such conditions. Since diagnosis of bladder cancer requires histopathological confirmation, ultrasonography is certainly not the most adequate examination for the diagnosis of the recurrence of bladder carcinoma. Moreover, ultrasonography remains the subjective tool for the assessment of bladder tumors especially in terms of tumor size [24] . The reported sensitivity of US is suboptimal in the diagnosis of bladder tumor of less than 5 mm [10] . However, the compliance of cystoscopic surveillance depends upon access to healthcare facilities and economic status, as well as the perceived need for follow-up in low-risk NMIBC. Based on our findings, we suggest that the followup schedule of patients with low-risk non-muscle invasive bladder carcinoma should include US more often which may be beneficial in terms of compliance and cost effectiveness. Patients diagnosed to be suffering from bladder carcinoma recurrence by ultrasonography should be scheduled directly and promptly for cystoscopy and bladder tumor resection.
Conclusion
Technological evolution has rendered ultrasonography more accurate in the diagnosis of bladder carcinoma. While CS (and biopsy) remains the gold standard, ultrasonography represents a valuable tool in the initial radiological investigation for detection of bladder carcinomas recurrence. Ultrasonography can be considered as a surveillance modality in selected lowrisk non-muscle invasive bladder cancer patients who are likely to be noncompliant with surveillance cystoscopy as poor access to health care facilities and low socio-economic strata.
Compliance with Ethical Standards
Sources of Support Nil. 
